(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

27.11.2002 Bulletin 2002/48 

(21) Application number: 02010300.8 

(22) Date of filing: 21 .05.2002 



iHiiiiiiiiniiflniiiiu 

(H) EP 1 260 972 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCI7: G11B 7/24 



(84) Designated Contracting States: 


• Maeda, Takanori, Corporate R&D Laboratory 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tsurugashima-shi, Saitama 350-2288 (JP) 


MC NL PT SE TR 


Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


Klingseisen, Franz, Dipl.-lng. et al 




PatentanwSlte, 


(30) Priority: 25.05.2001 JP 2001156477 


Dr. F. Zumstein, 


(71) Applicant: Pioneer Corporation 


Dipl.-lng. F. Klingseisen, 


Postfach 10 15 61 


Meguro-ku, Tokyo (JP) 


80089 Miinchen (DE) 


(72) Inventors: 




• Ohsawa, Seichi, Corporate R&D Laboratory 




Tsurugashima-shi, Saitama 350-2288 (JP) 





(54) Multi-layer information recording medium and information recording and reproducing 
apparatus 



(57) A multi-layer-information-recording medium is 
applied to an information recording and reproducing ap- 
paratus capable of recording or reproducing information 
on and from either of a single-layer-information-record- 
ing medium having a single recording layer on one side, 
and a multi-layer-information-recording layer having a 
plurality of recording layers layered on a spacer layer 
on one side as a change in reflectivity by irradiating a 
light beam. The multi-layer- information-recording medi- 
um is compatible in terms of at least reproducing and 
recording with a single-layer-infoimation-recording me- 



dium having a cover layer having a predetermined re- 
fractive index "n" and a thickness "t" disposed on a re- 
cording layer on a light incident side surface. The multi- 
layer-information -recording medium includes a deepest 
recording layer deepest from the light incident side sur- 
face. The deepest recording layer is formed at an optical 
distance d1 from the light incident side surface satisfying 
an equation di = nt. The multi-layer-information-record- 
ing medium also includes at least one shallow recording 
layer formed at an optical distance d2 satisfying an ine- 
quality d2 < nt from the light incident side surface. 



FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to an 
information recording medium such as an optical disc, 
an optical card and the like, and more particularly to a 
multi- layer- information -recording medium which has a 
plurality of recording layers layered on spacer layers. 

2. Description of the Related Art 

[0002] In recent years, optical discs are widely used 
as means for recording and reproducing data such as 
video data, audio data, computer data and the like. A 
high density recording disc called DVD (Digital Versatile 
Disc) has been used in practice. As one type of DVD, 
there is a multi-layer disc in a laminate structure which 
has a plurality of recording layers that can be read from 
one side of the disc. A two-layer disc having two record- 
ing layers on one side has been used in practice as a 
disc dedicated to reproduction. 

[0003] As illustrated in Fig. 1 , the two-layer DVD ded- 
icated to reproduction comprises a shallow recording 
layer, which is the first layer viewed from the side on 
which data is read, i.e., closer to a light incident side 
surface, and a deep or second recording layer. With the 
two-layer disc, any signal recorded in the shallow re- 
cording layer and the deep recording layer can be read 
from one side of the disc only by moving the focus of a 
reproducing light beam. The shallow recording layer is 
made of a translucent film such that a light beam can 
transmit the shallow recording layer and read a signal 
from the deep recording layer, and the film thickness and 
material are chosen conveniently for the shallow record- 
ing layer. A reflective film is used for the deep recording 
layer. An optically transparent spacer layer having a 
high transmittance at the wavelength of light is disposed 
between the shallow recording layer and the deep re- 
cording layer in order to separate these layers by a con- 
stant distance. 

[0004] The DVD standard defines that a transparent 
cover layer on a recording layer of a single-layer disc, 
having only one recording layer, 600 um thick, as illus- 
trated in Fig. 2. On the other hand, a two-layer disc is 
formed to have a first recording layer and a second re- 
cording layer positioned at depths of 570 um and 630 
urn from the surface on which a light beam is incident, 
i.e., above and below the depth of 600 ujti at which the 
recording layer of a single-layer DVD is disposed. The 
positioning of the two layers above and below the single 
recording layer in the thickness direction is employed in 
the two-layer disc because an optical pickup system for 
recording and reproducing signals conforming to the 
DVD standard comprises an objective lens having a rel- 
atively small numerical aperture of 0.6 which is designed 



for the cover layer of 600 um thick, and even with such 
an objective lens having a small numerical aperture, a 
deviation of approximately 30 um in depth of the first 
layer and the second layer each from the single record- 

5 ing layer does not significantly affect the reading of sig- 
nals. In this event, though the deviation of 30 um of the 
recording layers causes wave aberration in a reading 
light beam, the amount of wave aberration is too small 
to cause a problem when the numerical aperture is on 

10 the order of 0.6. 

[0005] A long program such as a movie which over- 
flows the first recording layer of the two-layer disc is re- 
produced from the two recording layers. The DVD 
standard also defines a single side signal-reproducing 

15 scheme, called an opposite track path scheme, for con- 
tinuously reproducing from two layers . The opposite 
track path scheme involves reproducing from the re- 
cording layer at a depth of 570 um from the inner pe- 
riphery to the outer periphery, jumping the focus from 

20 the outer periphery of this recording layer to the record- 
ing layer at a depth of 630 um, and reproducing signals 
on the deeper recording layer from the outer periphery 
to the inner periphery. In this event, by reading an infor- 
mation region representing the contents of the disc re- 

25 corded on the layer at a depth of 570 um, the apparatus 
can sense the title of the DVD, a program duration, or 
the two-layer disc in accordance with the opposite track 
path scheme. 

[0006] Meanwhile, an increasing amount of informa- 
30 tion requires a higher density for next-generation optical 
disc. It is considered that the numerical aperture of the 
objective lens be increased to 0.8 or more for a higher 
density. When using an objective lens having such a 
large numerical aperture, the amount of wave aberration 
35 caused by an error in thickness of the cover layer on the 
recording layer increases too much to read signals, 
thereby failing to readily reproduce a next- gene rat ion 
optical disc when it is in a two recording layer structure. 
It is therefore considered that an optical system capable 
40 of adjusting the amount of wave aberration should be 
incorporated in a pickup to make a compensation for 
preventing the wave aberration in accordance with the 
depth of a recording layer. 

[0007] When an optical system for compensating for 
45 the wave aberration is used to read a singfe-layer disc 
and a multi-layer disc such as a two-layer disc of the 
next-generation while maintaining the compatibility, the 
difference exists in thickness of a cover layer corre- 
sponding to depths between the respective recording 
50 layers, so that a light beam must be focused on each 
recording layer while correcting the same for the wave 
aberration to search for lead-in information and the like. 
This gives rise to a problem that the time taken for start- 
ing reproduction becomes long if a two-layer disc is re- 
55 produced immediately after a single-layer disc was re- 
produced. In addition, with a large numerical aperture, 
a larger thickness of the cover layer causes an allowable 
range to be significantly narrowed down for the inclined 
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disc, so that a multi-layer disc which has a larger thick- 
ness of cover layer than a single-layer disc must be fab- 
ricated with an improved planarity for the surface of the 
disc more than the single-layer disc. 

OBJECT AND SUMMARY OF THE INVENTION 

[0008] The present invention has been made in view 
of the situation as described above, and it is an object 
of the invention to provide a multi-layer-information-re- 
cording medium which permits rapid data reproduction 
even when information is recorded or reproduced using 
an objective lens having a large numerical aperture of 
0.8 or more, and which can be fabricated with an equiv- 
alent planarity to a single-layer disc, and an information 
recording and reproducing apparatus suitable for use 
with the multi-layer-information-recording medium. 
[0009] According to the present invention, there is 
provided a mutti-layer-information-recording medium 
having a plurality of recording layers layered on a spacer 
layer on one side and applied to an information record- 
ing and reproducing apparatus capable of recording or 
reproducing information on a single-layer-information- 
recording medium having a single recording layer and 
a cover layer on one side as a change in reflectivity by 
irradiating a light beam through the cover layer onto the 
recording layer. 

[0010] The multi-layer-information-recording medium 
of the present invention comprises: 

a deepest recording layer disposed deepest from a 
light incident side surface at an optical distance d1 
satisfying an equation d1 = nt wherein "n" denotes 
a predetermined refractive index of the cover layer 
of the single-iayer-information-recording medium 
compatible in terms of at least reproducing and re- 
cording with said mufti-layer-information-recording 
medium and T denotes a thickness of said cover 
layer; and 

at least one shallow recording layer disposed at an 
optical distance d2 satisfying an inequality d2 < nt 
from the light incident side surface. 

[001 1 ] According to one aspect of the present inven- 
tion, said multi-layer-information-recording medium 
comprises only two layers consisting of said deepest re- 
cording layer and said shallow recording layer. 
[001 2] According to another aspect of the present in- 
vention of the multi-layer-information-recording medi- 
um, physical address information is recorded sequen- 
tially from said shallow recording layer to said deepest 
recording layer in a shallower order from the light inci- 
dent side surface. 

[0013] According to a further aspect of the present in- 
vention of the multi-layer-information-recording medi- 
um, physical address information is sequentially record- 
ed in order from an inner periphery to an outer periphery 
of said deepest recording layer. 



[0014] According to a still further aspect of the present 
invention of the multi-layer-information-recording medi- 
um, the physical address information is sequentially re- 
corded alternately in a forward direction from the inner 

5 periphery to the outer periphery and in an opposite di- 
rection from the outer periphery to the inner periphery 
in each of the recording layers from said shallow record- 
ing layer to said deepest recording layer in the shallower 
order from the light incident side surface. 

10 [0015] According to another aspect of the present in- 
vention of the multi-layer-information-recording medi- 
um, predetermined content information related to all 
contents on said shallow recording layer is recorded in 
said deepest recording layer. 

15 [0016] According to the present invention, there is al- 
so provided an information recording and reproducing 
apparatus capable of recording or reproducing informa- 
tion on either of a single-layer-information-recording 
medium having a single recording layer and a multi-lay- 

20 er-informati on- recording medium having a plurality of 
recording layers layered on a spacer layer on one side 
by irradiating a light beam thereto. 
[0017] The information recording and reproducing ap- 
paratus of the present invention comprises: 

25 

an optical pickup having an objective lens which ir- 
radiates a light beam to a multi-layer-information- 
recording medium which includes a deepest record- 
ing layer disposed deepest from a light incident side 
surface at an optical distance d1 satisfying an equa- 
tion d1 = nt wherein "n M denotes a predetermined 
refractive index of the cover layer of the single-lay- 
er-information-recording medium compatible in 
terms of at least reproducing and recording with 
said multi-layer-information-recording medium and 
V denotes a thickness of said cover layer, and at 
least one shallow recording layer disposed at an op- 
tical distance d2 satisfying an inequality d2 < nt from 
the light incident side surface; and 
a focus servo circuit which controls the objective 
lens to, first of all, focus the light beam to said deep- 
est recording layer at the optical distance d1 , and 
executes an initial focus servo operation. 



30 



35 



40 



45 [0018] According to one aspect of the present inven- 
tion of the information recording and reproducing appa- 
ratus, said focus servo circuit executes a focus servo 
operation for jumping a focused position to said shallow 
recording layer at the optical distance d2 after executing 

so said initial focus servo operation. 

[001 9] According to another aspect of the present in- 
vention of the information recording and reproducing ap- 
paratus, said objective lens has a numerical aperture 
equal to or larger than 0.8 for producing a focused spot 

55 of the light beam 

[0020] According to a further aspect of the present in- 
vention of the information recording and reproducing ap- 
paratus, the apparatus further comprises an wave ab- 
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erration correcting portion which varies the amount of 
wave aberration included in said focused spot. 
[0021 ] According to a still further aspect of the present 
invention of the information recording and reproducing 
apparatus , said objective lens comprises a group of 
lenses which minimizes the amount of wave aberration 
in the light beam when the spot is focused at a position 
spaced by the optical distance d1 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 is a cross-sectional view schematically show- 
ing a two-layer disc; 

Fig. 2 is a cross-sectional view schematically show- 
ing a single-layer disc; 

Fig. 3 is a cross-sectional view schematically show- 
ing a two-layer disc according to the present inven- 
tion; 

Fig. 4 is a cross-sectional view schematically show- 
ing a single-layer disc which is compatible with the 
two-layer disc of the present invention; and 
Fig. 5 is a block diagram for schematically describ- 
ing the configuration of a recording and reproducing 
apparatus according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Next, embodiments of the present invention 
will be described with reference to the accompanying 
drawings. 

<Two-Layer Diso 

[0024] An exemplary multi-layer disc according to a 
first embodiment of the present invention is a two-layer 
disc having a two -layer structure comprised of recording 
layers L1 , L2, for example, as shown in Fig. 3. This is a 
two-layer disc which is compatible in terms of reproduc- 
tion or recording with a single-layer disc (Fig. 4) on which 
reproduction or recording is performed by a predeter- 
mined reproducing or recording means through a cover 
layer on a recording layer on a light incident side surface 
having a predetermined refractive index n and a thick- 
ness t. 

[0025] The deepest recording layer, i.e., the recording 
layer positioned deepest from the light incident side sur- 
face of the recording layers of the two-layer disc is cov- 
ered with a cover layer having a thickness which is re- 
lated to an optical distance d1 as expressed by d1 = n 
Xt. 

[0026] The shallow recording layer, other than the 
deepest recording layer, is covered with a cover layer 
having a thickness which is related to an optical distance 
62 as expressed by d2 < n X t. The two-layer disc com- 
prises the deepest recording layer formed at the optical 



distance d1 which satisfies the equation d1 = n X t, and 
the shallow recording layer formed at the optical dis- 
tance d2 which satisfies the inequality d2 < n X t. 
[0027] In this two-layer disc, since the deepest record- 

5 ing layer is set at the optical distance d1 at the same 
position of the optical path thickness as the recording 
layer of the single-layer disc, information on the deepest 
recording layer at the optical distance d1 can be repro- 
duced without searching for the position of the shallower 

10 recording layer of the multi-layer disc even by a pickup 
which is adapted to minimize the wave aberration forthe 
single-layer disc. Also, since the optical distance d2 is 
set shorter than d1 , an allowance for an inclined disc, 
when recording or reproducing is performed on the shal- 

15 low recording layer, is not more strict than for the single- 
layer disc, so that the planarity need not be improved as 
compared with the single-layer disc. 
[0028] With the two-layer disc, information may be re- 
corded on the assumption that it is reproduced from the 

20 two layers in a predetermined order in which the shallow 
recording layer at the optical distance d2 is reproduced 
ahead of the deepest recording layer. Specifically, phys- 
ical address information can be recorded sequentially 
from the shallow recording layer to the deepest record- 

25 ing layer, in an order of shallower layers from the light 
incident side surface. 

[0029] Further, with the two-layer disc, signals are re- 
produced from the inner periphery to the outer periphery 
of the surface at the optical distance d2. Alternatively, 

30 signals may be reproduced from the outer periphery to 
the inner periphery of the surface at the optical distance 
d1 . Also, the physical address information can be re- 
corded in orderf rom the inner periphery to the outer pe- 
riphery of the deepest recording layer. 

35 [0030] By thus designing the two-layer disc, for repro- 
ducing a program which exceeds a recording limit 
amount of the shallow recording layer, remaining infor- 
mation recorded on the deepest recording layer is re- 
produced after completion of reproduction from the shal- 

40 low recording layer having a larger allowance for an in- 
clined disc, so that it is possible to increase the allow- 
ance for a normally inclined disc. 

[0031] In the two-layer disc, predetermined content 
information related to all contents on the two layers can 

45 be recorded on the deepest recording layer at the optical 
distance d1 . In this event, a signal reproducing appara- 
tus reads the title of the two-layer disc, a program re- 
cording time, or predetermined information indicating 
that this two-layer disc conforms to the opposite track 

50 path scheme orthe like from the deepest recording layer 
at the optica! distance d1 , and then jumps a focused po- 
sition to the inner periphery of the shallow recording lay- 
er at the optical distance d2 and can continue to repro- 
duce signals. Physical address information may be se- 

55 quentially recorded alternately in a forward direction 
from the inner periphery to the outer periphery and in 
the opposite direction from the outer periphery to the in- 
ner periphery in each recording layer in the order of 
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depth from the deepest recording layer to the shallow 
recording layer. 

[0032] With the disc on which information is recorded 
in the foregoing manner, predetermined information in- 
dicative of the content of the disc over two layers can 
be read in the same wave aberration correcting state as 
a single-layer disc, so that the reproducing apparatus 
can be aware of a two-layer disc on which information 
is recorded without searching for the position of the re- 
cording layers by its wave aberration correcting unit, and 
can immediately start the reproduction. Thus, according 
to the present invention, when the adjacent recording 
layers are reproduced from the shallow recording layer, 
the optical pickup can be smoothly moved between re- 
producing planes of the recording layers. 
[0033] This information may be such one that is re- 
corded in an inner peripheral portion of the deepest re- 
cording layer as a pit, or a bar code, or what is called a 
PEF which forms a bar code like one using pits, or a 
wave aberration correcting signal for a region in which 
a signal is recorded for use in detection of wave aber- 
ration in order to correct the wave aberration. 
[0034] When the numerical aperture of an objective 
lens for converging a light spot is chosen to be 0.8 or 
more, the objective lens is designed to minimize the 
amount of wave aberration when it focuses through the 
optical distance d1. 

[0035] While the foregoing example has been de- 
scribed for the two-layer disc, a disc having three or 
more layers can be designed in a similar manner, and 
other recording layers may also be provided even if they 
do not satisfy the foregoing condition. Also, while the 
recording density has not been described, the two re- 
cording layers may have the same recording density, or 
may differ from each other in recording density. 
[0036] While in the foregoing example, the thickness 
of the cover layers has been described to be equal in 
the length of optical path. This can be of course realized 
by materials equal in the refractive index to each other 
and identical in thickness. Otherwise, even with materi- 
als having different refractive indexes, they may be 
sized to be equal in the product of the refractive index 
and thickness, i.e., the optical thickness (distance). Al- 
so, when a material (spacer) filled between layers has 
a different refractive index, it can be set to have an 
equivalent optical path length by sequential calcula- 
tions. 

[0037] For example, assuming that the cover layer on 
the light incident side surface of the two-layer disc has 
a refractive index n c and a thickness tc, the shallow re- 
cording layer L1 has a refractive index n L1 and a thick- 
ness t L1 , and a spacer layer between the recording lay- 
ers L1 , L2 has a refractive index n s and a thickness L., 
the disc is designed such that the optical distance d1 
from the surface on the light incident side of the deepest 
recording layer L2 satisfies d1 = n X t = n c X t c + n L1 X 
*li + n s x ts> and the optical distance 62 from the surface 
on the light incident side of the shallow recording layer 



L1 satisfies d2 = n c X ^ < n X t. 

[0038] Each of the recording layers L1 , 12 has a lam- 
inate structure comprised of a recording layer made of 
a phase changing material such as Ag-ln-Sb-Te, and 

5 glass protection layers made of, for example, ZnS-Si0 2 
or the like which sandwich the recording layer. For an 
optical disc which uses a recording layer made of a 
phase changing material and on which data can be re- 
corded or erased, i.e., rewritten using an optical beam, 

10 each recording layer can be provided with a rewritable 
region in which data can be rewritten, i.e., recorded or 
erased, and a prepit region which is provided with trains 
of emboss pits that carry addresses as sequential phys- 
ical addresses and information such as recording tim- 

15 ing. While an example of rewritable two-layer disc using 
a phase changing material is described, the material for 
the recording layer is not limited to the phase changing 
material in the present invention, but a write-once pig- 
ment material may be used. Moreover, the two-layer 
20 disc may be implemented as a disc dedicated to repro- 
duction. 

[0039] The single-layer and multi-layer discs compat- 
ible for reproducing and recording are common in the 
disc diameter, overall disc thickness, track pitch, mini- 

25 mum pitch length, bowing angle, birefringence, format, 
and the like, other than the aforementioned conditions. 
For example, these may conform to a CAV (constant an- 
gular velocity) or a CLV (constant linear velocity) 
scheme. Alternatively, they may be multi-layer disc in 

30 accordance with a zone CAV or a CLV scheme which is 
a combination of CAV and CLV. In addition, each record- 
ing layer of the multi-layer disc is previously formed with 
convex groove tracks and concave groove tracks alter- 
nately in a spiral or concentric shape. Each of the groove 

35 tracks may be wobbled at a frequency corresponding to 
the rotational speed of the multi-layer disc. 

<Recording/Reproducing Apparatus> 

40 [0040] Data is recorded on the multi layer disc by ir- 
radiating a prepit region and a rewritable region of a re- 
cording layer thereof with a reproducing light beam hav- 
ing a low intensity (reading power) for scanning to detect 
land prepits and groove prepits in the prepit region, rec- 

45 ognizing the position on a track to be recorded, and ir- 
radiating the rewritable region of the track with a focused 
recording light beam (writing power) having a high in- 
tensity modulated in accordance with the data. 
[0041] Fig. 5 is a block diagram illustrating the config- 

50 uration of a recording and reproducing apparatus ac- 
cording to the present invention. 

[0042] An optical pickup 21 comprises an optical sys- 
tem which includes a focusing lens, a beam splitter, an 
objective lens, and the like; a semiconductor laser which 
55 is a light source; a photodetector; an objective lens ac- 
tuator: and the like. The objective lens 21 a has a numer- 
ical aperture equal to or larger than 0.8 and produces a 
focused spot of a light beam on a recording layer. The 
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objective lens 21a is comprised of a group of lenses 
which minimize the amount of wave aberration of the 
light beam when either of a compatible single-layer or 
multi-layer disc is loaded at a normal position , and when 
the spot is focused at the optical distance d1 from the 5 
surface. The optical pickup 21 comprises a wave aber- 
ration correcting means 21b for varying the amount of 
wave aberration included in the focused spot. 
[0043] When loading a multi-layer disc 1 onto a turn- 
table 1 a driven by a spindle motor, the optical pickup 21 
irradiates the multi-layer disc 1 with a light beam as re- 
cording light or a reading light. The optical pickup 21 
comprises the photodetector which detects a reflected 
light beam from a recording layer of the multi-layer disc 
to read a signal corresponding to a track and prepits or 
recording marks formed on the multi-layer disc 1 as a 
change in reflectivity. A servo circuit 20 has a focus ser- 
vo circuit and a tracking servo circuit for performing a 
servo control for focusing and tracking of the pickup, a 
control for a reproduced position (radial position), a con- 
trol for the rotational speed of the spindle motor, and the 
like based on a control signal provided from the optical 
pickup 21 and a control command provided from a con- 
trol unit (CPU) 26. When the multi-layer disc in the afore- 
mentioned example, for example, a two-layer disc is 
loaded, the optical beam is first irradiated to the deepest 
recording layer L2 at the optical distance d1 , executes 
an initial focus servo operation, and performs a tracking 
servo and a focus servo control for the objective lens 
such that the light beam is focused correctly on the re- 
cording layer of the multi-layer disc. The focus servo cir- 
cuit also executes a focus servo operation for jumping 
a focused position to the shallow recording layer L1 at 
the optical distance d2 after executing the initial focus 
servo operation. 

[0044] A read signal (RF signal) output from the opti- 
cal pickup 21 is amplified in an amplifier circuit, and sup- 
plied to a pre-address decoder 23 and a decoder 43. 
[0045] The pre-address decoder 23 extracts prepits, 
wobble signals, and the like, and a synchronous clock 
and timing signal generator circuit within the pre-ad- 
dress decoder 23 generates a clock signal and a timing 
signal in synchronism with the rotation of the multi-layer 
disc 1 . The timing signal represents a current position 
on the disc such as a prepit region or a writable region 
recorded (reproduced) by the light beam, or a land track 
or a groove track or the like. The pre-address decoder 
23 reads address information from a signal read from 
emboss pits in the prepit region of the disc by the pickup, 
and sends the address information and timing signal to 
the CPU 26. The pre-address decoder 23 includes a cir- 
cuit for detecting the rewritable region and prepit region 
on the multi-layer disc. 

[0046] The CPU 26 detects the position of the prepit 
region on the recording layer from these signals. A stor- 
age device is contained in or connected to the CPU 26 
for storing necessary data and the like. The CPU 26 gen- 
erally controls the apparatus based on signals supplied 



thereto. The CPU 26 reads the address information from 
the pre-address decoder 23, and sends a control com- 
mand to a recording control circuit 36 and servo circuit 
20 to control a recording and reproducing operation at 
a predetermined address. 

[0047] The recording control circuit 36 controls the 
power of the laser in the pickup in accordance with a 
particular state such as recording, erasing, reproducing 
and the like based on a control command from the CPU 
26 and a timing signal from the pre-address decoder 23 . 
In a recording state, the recording control circuit 36 mod- 
ulates the power of the laser in the pickup based on a 
signal from an encoder 27 to record information on the 
disc. In a reproducing state (when data in the rewritable 
region is reproduced, or when address information in the 
prepit region is reproduced), the recording control circuit 
36 controls the reading power to maintain at constant 
low power so as not to erase information recorded on 
the disc. 

[0048] The encoder 27 adds a parity code for error 
correction to data to be recorded, and converts the re- 
sulting data to an RLL (Run Length Limited) code for 
encoding to a signal suitable for recording on the multi- 
layer disc 1 . The encoded signal is sent from the encod- 
er 27 to the recording control circuit 36. 
[0049] The decoder 43 performs the processing re- 
verse to that performed in the encoder (demodulation of 
an RLL code, error correction, and the like) on a signal 
read from the rewritable region of the disc to recover 
originally recorded data. 

[0050] As described above, the present invention pro- 
vides a multi-layer-information-recording medium which 
has two or more recording layer compatible with a sin- 
gle-layer disc, and a cover layer having the same optical 
path length as a cover layer of the single-layer disc, with 
another recording layer disposed at the position of a 
cover layer thinner than that, so that the multi-layer-in- 
formation-recording medium excels in stability for 
planarity of the disc, and information can be recorded 
and reproduced in such an order that signals can be 
continuously reproduced from these recording layers. 
[0051] It is understood that the foregoing description 
and accompanying drawings set forth the preferred em- 
bodiments of the invention at the present time. Various 
modifications, additions and alternative designs will of 
course, become apparent to those skilled in the art in 
light of the foregoing teachings without departing from 
the spirit and scope of the disclosed invention. Thus, it 
should be appreciated that the invention is not limited to 
the disclosed embodiments but may be practiced within 
the full scope of the appended claims. 



Claims 

1 . A m ulti- layer- informat ion- recording medium having 
a plurality of recording layers layered on a spacer 
layer on one side and adapted to an information re- 
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cording and reproducing apparatus capable of re- 
cording or reproducing information on a single-lay- 
er-information-recording medium having a single 
recording layer and a cover layer on one side as a 
change in reflectivity by irradiating a light beam s 
through the cover layer onto the recording layer, 
said multi-layer-informaUon-recording medium 
comprising: 

a deepest recording layer disposed deepest 10 
from a light incident side surface at an optical 
distance d1 satisfying an equation d1 - nt 
wherein "n" denotes a predetermined refractive 
index of the cover layer of the single-layer-in- 
formation-recording medium compatible in 15 
terms of at least reproducing and recording with 
said multi-layer-information-recording medium 
and T denotes a thickness of said cover layer; 
and 

20 

at least one shallow recording layer disposed 
at an optical distance d2 satisfying an inequality 
d2 < nt from the fight incident side surface. 

2. A multi-layer-information-recording medium ac- 25 
cording to claim 1 , wherein said multi-layer-informa- 
tion-recording medium consists of said deepest re- 
cording layer and said shallow recording layer as 
only two layers. 

30 

3. A multi-layer-information-recording medium ac- 
cording to claim 1 , wherein said multi-layer-informa- 
tlon-recordlng medium includes physical address 
Information recorded sequentially from said shallow 
recording layer to said deepest recording layer in a 35 
shallower order from the light incident side surface. 

4. A multi-layer-information-recording medium ac- 
cording to claim 1 , wherein said multi layer-informa- 
tion-recording medium includes physical address 40 
information sequentially recorded in order from an 
inner periphery to an outer periphery of said deep- 
est recording layer. 

5. A multi-layer-information-recording medium ac- 45 
cording to claim 4, wherein said multi-layer-f nforma- 
tion-recording medium includes the physical ad- 
dress information sequentially recorded alternately 

in a forward direction from the inner periphery to the 
outer periphery and in an opposite direction from 50 
the outer periphery to the inner periphery in each of 
the recording layers from said shallow recording 
layer to said deepest recording layer in the shallow- 
er order from the light incident side surface. 

55 

6. A multi-layer-information-recording medium ac- 
cording to claim 1 , wherein said multi-layer-informa- 
tion-recording medium includes predetermined 



content information related to all contents on said 
shallow recording layer recorded in said deepest re- 
cording layer. 

An information recording and reproducing appara- 
tus capable of recording or reproducing information 
on either of a single-layer-information-recording 
medium having a single recording layer and a multi- 
layer-information-recording medium having a plu- 
rality of recording layers layered on a spacer layer 
on one side by irradiating a light beam thereto, said 
information recording and reproducing apparatus 
comprising: 

an optical pickup having an objective lens 
which irradiates a light beam to a multi-layer- 
information-recording medium which includes 
a deepest recording layer disposed deepest 
from a light incident side surface at an optical 
distance d1 satisfying an equation d1 = nt 
wherein "n" denotes a predetermined refractive 
index of the cover layer of the single-layer-in- 
formation-recording medium compatible in 
terms of at least reproducing and recording with 
said multi-layer-information-recording medium 
and T denotes a thickness of said cover layer, 
and at least one shallow recording layer dis- 
posed at an optical distance d2 satisfying an 
inequality d2 < nt from the light incident side 
surface; and 

a focus servo circuit which controls the objec- 
tive lens to first of all focus the light beam to 
said deepest recording layer at the optical dis- 
tance d1 , and executes an initial focus servo 
operation. 

8. An information recording and reproducing appara- 
tus according to claim 7, wherein said focus servo 
circuit executes a focus servo operation for jumping 
a focused position to said shallow recording layer 
at the optical distance d2 after executing said initial 
focus servo operation. 

9. An information recording and reproducing appara- 
tus according to claim 7 wherein said objective lens 
has a numerical aperture equal to or larger than 0.8 
for producing a focused spot of the light beam 

10. An information recording and reproducing appara- 
tus according to claim 9 : further comprising an wave 
aberration correcting portion which varies the 
amount of wave aberration included in said focused 
spot. 

1 1 . An information recording and reproducing appara- 
tus according to claim 9, wherein said objective lens 
comprises a group of lenses which minimizes the 
amount of wave aberration in the light beam when 
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the spot is focused at a position spaced by the op- 
tical distance d1 . 
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FIG. 1 
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apparatus 

(57) A multi-Iayer-information-recording medium is 
applied to an information recording and reproducing ap- 
paratus capable of recording or reproducing information 
on and from either of a si ngle-layer-informati on- record- 
ing medium having a single recording layer on one side, 
and a muiti -layer-information-recording layer having a 
plurality of recording layers layered on a spacer layer 
on one side as a change in reflectivity by irradiating a 
light beam. The multi-layer-information-recording medi- 
um is compatible in terms of at least reproducing and 
recording with a single-layer-information-recording me- 



dium having a cover layer having a predetermined re- 
fractive index "n" and a thickness "t" disposed on a re- 
cording layer on a light incident side surface. The multi- 
lay er-information -recording medium includes a deepest 
recording layer deepest from the light incident side sur- 
face. The deepest recording layer is formed at an optical 
distance d1 from the light incident side surface satisfying 
an equation d1 = nt The multi-layer-information-record- 
ing medium also includes at least one shallow recording 
layer formed at an optical distance d2 satisfying an ine- 
quality d2 < nt from the light incident side surface. 
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